Three natural populations of D. melanogaster with different ethanol tolerance, and a population of D. simulans were successfully selected for an increased capacity to withstand alcohol. Alcohol utilisation, measured by the increase of life duration in the presence of low concentrations of alcohol, was clearly improved only in two cases. Alcohol tolerance and utilisation, two physiological traits that both depend on the presence of an active ADH, are thus controlled, at least partly, by different genetic mechanisms. In Drosophila species breeding on fermenting fruits or in wine cellars, both traits may be under the control of natural selection.
INTRODUCTION
THE use of resources containing a large amount of ethanol is typical of Drosophila melanogaster. This peculiarity is accompanied by a high ethanol tolerance for which the enzyme alcohol dehydrogenase (ADH) is necessary (see David, 1977 , for a review). Two hypotheses have been considered for explaining this observation. It has often been assumed that alcohol tolerance is simply a detoxification process selected to allow larvae and adults to feed on the yeasts responsible for alcoholic fermentation (Clarke, 1975);  however Drosophila adults are able to use ethanol as a food David, 1974, 1978; Libion-Mannaert et al., 1976 ) and the detoxification process seems to involve its conversion into acetate and its further transformation in " energy metabolism" Deltombe-Lietaert et al., 1979) . Ethanol use could therefore be the primary target of natural selection, being responsible for the high ADH activity found in D. melanogaster.
Recently another Drosophila species (D. lebanonensis) which lives in Spanish wine cellars has been found to be much more tolerant to ethanol than D. melanogaster since the "lethal concentration 50" (concentration which kills half the adults after two days of treatment) was 28 per cent against 17 per cent in D. melanogaster (David et al., 1979) . Obviously such a high tolerance is not needed since ethanol concentration in fermented substrates does not exceed 12-13 per cent. D. lebanonensis also appears capable of a much more efficient use of alcohol than D. melanogaster and it has been suggested that this high tolerance could be a by-product of a selection for improving alcohol use.
Trying to choose between the two hypotheses led us to look for a correlation between alcohol tolerance and alcohol utilisation. D. melanogaster is well suited to such an analysis because great differences in alcohol sensitivity are found in natural populations, varying with latitude (David and Bocquet, 1975) . Starting from three different populations, lines were selected for alcohol tolerance and a significant increase in resistance was obtained in all cases . A sibling species, D. simulans, which is much more alcohol sensitive, was also selected and included in the present study. The capacity to use ethanol was measured in the four selected lines and compared to the values found in the initial, non-selected populations.
The following results show that only a loose correlation exists between ethanol tolerance and the capacity for metabolic use, and that increasing the tolerance by selection is not accompanied in all cases by a more effective use. These two physiological properties therefore involve genetic mechanisms which are partly independent.
MATERIAL AND METHODS
Selection for alcohol tolerance was described in a previous paper and the data will be summarised briefly. In Drosophila melanogaster, three different populations of various origins were selected for increased ethanol tolerance. In an African strain (Brazzaville) the initial tolerance of 65 per cent of alcohol was increased to 18 per cent. In a tropical American strain (Puerto Asis, Columbia) tolerance rose from 10 to 24 per cent, and in a French strain (Colmar) from 16 to 28 per cent. In a D. simulans strain from Teneriffe tolerance was increased from 4 to 65 per cent.
Drosophila melangaster is polymorphic for two alleles of ADH: the fast allele (F) has an enzymatic activity about twice that of the slow allele (S) (David, 1977) . In the Colmar population the initial population was "F" homozygous. The two others were segregating for S and F and the selection resulted in the elimination of S. D. simulans is known to be monomorphic at the locus.
Tests of ethanol use were made on adults in air-tight plastic vials according to a previously described technique . Groups of newly emerged adults were placed in these vials in the presence of a water-ethanol solution absorbed in cellulose wool. Dead flies were counted twice a day and the average longevity calculated. Ethanol use was measured by the increase in the length of life due to ethanol. Various concentrations, varying from 0 to 24 per cent were used. For each concentration, the number of adults studied ranged between 40 and 60, and the sexes were averaged.
RESULTS
Variation of adult longevity as a function of alcohol concentrations is given in fig. 1 . All response curves have the same general shape, as previously described . Without alcohol or any other food, adults die of starvation after exhausting the reserves accumulated during the larval stage . If a small amount of alcohol is o unselected population;
•: strain selected for increased ethanol tolerance. In spite of the overall similarity of the curves, significant differences are observed either between the different populations studied or between unselected and selected strains of each population. In order to summarise these differences, we have compared the alcohol tolerance of each strain with its life duration for various ethanol concentrations. Results are presented in fig. 2 .
In the absence of ethanol, the duration of life ( fig. 2A ) of the various strains varied between 44 and 83 hours. In a previous comparison of the selected and unselected Colmar strains it was noted that most morphological and physiological traits did not change, the main exception being an increase of resistance to starvation in the selected strain. It can be seen here, by comparing four such couples, that this increase is not a general rule. In one strain (Puerto Asis) the length of life was not modified. In the two others (Brazzaville and D. simulans) a significant reduction was observed.
Changes in the duration of the life of adults in the absence of alcohol are therefore not related to one physiological modification brought about by the ethanol selection. These changes may simply reflect a random drift occurring during selection as a by-product of inbreeding. Such variations, however, complicate the analysis of ethanol use, and it has seemed better, in comparing the metabolic capacities of selected and non-selected lines, to consider the differences in the length of life between flies receiving ethanol and controls receiving no ethanol.
The results obtained with a small, non-toxic concentration of ethanol (1 per cent) are given in fig. 2B . Again, we see divergent responses among the strains. In three cases, selection improved alcohol utilisation while the Brazzaville population showed no significant effect. Analysis of the curves shown in fig. 1 extend this conclusion. A clear improvement in ethanol use after selection was obtained only in the Colmar population, and to a lesser degree in D. simulans. In both the Brazzaville and Puerto Asis populations, increasing ethanol tolerance by selection did not result in a better use of low concentrations of alcohol.
On the other hand, all the selected strains survived better when subjected to high ethanol concentrations. As an example, the results obtained with 8 per cent alcohol are given in fig. 2C and show a clear correlation between tolerance and utilisatiori. Such a conclusion is by no means unexpected:
increasing the alcohol tolerance makes the flies less sensitive to the noxious 4. Discussior In all cases, increasing ethanol tolerance by selection improved the capacity to use high concentrations of alcohol: all selected strains appeared less sensitive to the noxious effects of excess ethanol. The presence of an active ADH is necessary for ethanol detoxification (David et al., 1976) .
Ethanol tolerance is positively correlated with the enzymatic activity found in the fly (Oakeshott, 1976; Kamping and Van Delden, 1978) . Analysis of the Colmar selected strain revealed an increase in its ADH activity (McDonald et al., 1977) . Finally, it is known that D. simulans, which is ethanol sensitive, has also a lower ADH activity than D. melanogaster (Pipkin and Hewitt, 1972) . All these observations are consistent and we can assume therefore that fig. 2C expresses a causal relationship between ADH activity and the ability to metabolise high concentrations of ethanol.
The relationship between ADH activity and the physiology of the fly is not, however, a simple one. An environmental control of the amount of ADH in adults has been recently shown (Clarke et al., 1979) . Several authors have argued that survival on ethanol food and ADH activity are not related by direct causality (McKenzie and Parsons, 1974; BijlsmaMeeles, 1979) . A possible role of Drosophila catalase in ethanol metabolism has been recently suggested (Deltombe-Lietaert et al., 1979) . Our results increase the complexity of the problem by showing a genetic independence between ethanol tolerance and the capacity to use small concentrations of the alcohol. We know that ADH is a crucial enzyme for alcohol use since a null mutant was found unable to use a low, non-toxic, concentration of ethanol . Fig. 2B shows, however, that the unselected populations of Brazzaville and Puerto-Asis, which were fairly sensitive to ethanol, were capable of a better use than the tolerant Colmar population. Moreover, the two tropical populations did not improve their capacity to use ethanol when submitted to selection for increased tolerance, while the Colmar population did so. As far as we know, both the detoxification and the use of ethanol involve its conversion into acetate (David et al., 1976 Deltombe-Lietaert et al., 1979) but this transformation implies at least two independent enzymatic steps. Moreover the capacity of transforming acetate into acetylcoenzyme A could vary from strain to strain, as could the capacity of using this last product for energy production. Other possibilities of divergence between strains or species also exist, for example in their behaviour in the presence of ethanol. It is therefore not surprising to find that ethanol tolerance and use are two different traits that can be genetically independent. The adaptation of Drosophila to ethanol-containing resources may mainly correspond either to a necessity for detoxification or to a need for nutrition. Comparison of natural populations using different resources, or of species having different habitats, should help us to understand which of these two processes has been the main target of natural selection.
